PKH26 labeling of extracellular vesicles: Characterization and cellular internalization of contaminating PKH26 nanoparticles.
PKH lipophilic dyes are highly fluorescent and stain membranes by intercalating their aliphatic portion into the exposed lipid bilayer. They have established use in labeling and tracking of cells in vivo and in vitro. Despite wide use of PKH-labeled extracellular vesicles (EVs) in cell targeting and functional studies, nonEV-associated fluorescent structures have never been examined systematically, nor was their internalization by cells. Here, we have characterized PKH26-positive particles in lymphoblastoid B exosome samples and exosome-free controls stained by ultracentrifugation, filtration, and sucrose-cushion-based and sucrose-gradient-based procedures, using confocal imaging and asymmetric-flow field-flow fractionation coupled to multi-angle light-scattering detector analysis. We show for the first time that numerous PKH26 nanoparticles (nine out of ten PKH26-positive particles) are formed during ultracentrifugation-based exosome staining, which are almost indistinguishable from PKH26-labeled exosomes in terms of size, surface area, and fluorescence intensity. When PKH26-labeled exosomes were purified through sucrose, PKH26 nanoparticles were differentiated from PKH26-labeled exosomes based on their reduced size. However, PKH26 nanoparticles were only physically removed from PKH26-labeled exosomes when separated on a sucrose gradient, and at the expense of low PKH26-labeled exosome recovery. Overall, low PKH26-positive particle recovery is characteristic of filtration-based exosome staining. Importantly, PKH26 nanoparticles are internalized by primary astrocytes into similar subcellular compartments as PKH26-labeled exosomes. Altogether, PKH26 nanoparticles can result in false-positive signals for stained EVs that can compromise the interpretation of EV internalization. Thus, for use in EV uptake and functional studies, sucrose-gradient-based isolation should be the method of choice to obtain PKH26-labeled exosomes devoid of PKH26 nanoparticles.